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Mycobacterium avium subspecies paratuberculosis (MAP) is the causative agent of Johne's disease in wild and 


domestic ruminants. Clinically, infected cattle show emaciation symptoms, diarrhea, and death. Asymp- 
tomatic subclinical cases can intermittently shed MAP through feces and milk and infect other cattle an- 
imals, thus increasing the risk of infection. The purpose of the present study was to detect the prevalence 
of this disease in dairy cattle. For this purpose, 348 samples were randomly collected from 15 cattle farms. 
All fecal samples were subjected to ZN staining and PCR of nucleotide sequences related to specific MAP 
gene fragments (IS900, F57) and were cultured in Harold's egg yolk culture medium after being disinfected 
with solution (0.0% HPC75). PCR testing of 116 fecal samples (33.3%, CI:95% 28.3-38.2), ZN staining of 
23 samples (6.6%, CI: 95% 4-9.2), and fecal sample culture of only 15 samples (4.3%, CI:95% 2.3-6.3,) were 
infected with MAP. Comparison of test results showed poor agreement (kappa statistic: 0.19) between ZN 
staining and PCR results and poor agreement (kappa statistic: 0.13) between PCR test and fecal culture. This 
study highlights the advantages of PCR for detecting MAP in subclinically infected cattle compared to ZN 
staining and fecal culture. Therefore, it can be used for early detection and control of MAP in cattle and at- 


risk populations. 
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Introduction A 


ohne's disease (JD) is granulomatous enteritis 

that affects a wide range of domestic and wild 
animals worldwide [1,2]. In 1895, this disease was first 
detected in the German state of Oldenburg [3]. Infect- 
ed animals include cattle, sheep, goats, deer, camels, 
and wild ruminants [4]. Ingestion of feces, milk, and 
colostrum contaminated with MAP is the predomi- 
nant mechanism of MAP transmission in dairy cattle 
[2]. The pathogenesis of MAP infection has recently 
been further studied, showing that after MAP enters 
the small intestine, it invades subepithelial macro- 
phages, interferes with the formation of phagolyso- 
somes, and remains in the phagosome, triggering hu- 
moral immune responses. Finally, the disease course 
changes from the preclinical stages to the period of 
increased bacterial shedding and the development of 
obvious clinical symptoms [3]. The infection's live- 
stock and herd performance consequences have been 
widely studied. Most studies have shown that cows 
with a positive MAP contamination test have a 2-17% 
reduction in milk production compared to cattle with 
a negative test result. Reduced fertility and adverse ef- 
fects on the reproduction of infected animals can also 
be another important complication of infected ani- 
mals [5]. MAP also weakens the livestock's immune 
system, predisposing animals to develop clinical mas- 
titis or other infectious diseases [6]. One of the prob- 
lems in controlling MAP infection is that some infect- 
ed cows may not show clinical symptoms if they are 
producing enough milk because they frequently shed 
MAP in the feces before showing symptoms, indirect- 
ly contributing to the spread of infection [7]. Due to 
the long incubation period of JD, clinical symptoms 
such as resistant watery diarrhea, weight loss, and re- 
duced milk production are usually observed in cows 
over 2 years of age [8]. Many theories have been pro- 
posed regarding the potential of MAP to be involved 
in human Crohn's disease and infections in non-ru- 
minant animals such as dogs and rabbits [9]. Humans 
become infected by consuming contaminated milk 
or dairy products because MAP bacilli survive in 
pasteurized milk [10]. Usually, no effective measures 
are taken to control and eradicate this disease, which 
imposes significant economic losses to the animal 
husbandry industry and the production of dairy and 
meat products worldwide [11, 12]. Since there is no 
cure for JD, herd health control strategies are based on 
detecting infected hosts and their subsequent elimi- 
nation to prevent transmission of infection to healthy 
cattle, which imposes a financial burden on herd man- 
agement [6, 13]. Due to the slow growth of MAP and 
the lack of sensitive tests, it is very difficult to detect 
subclinically infected cattle and diagnose the disease's 
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early stages [10, 14]. It is often impossible to distin- 
guish between infected animals with only one diag- 
nostic method due to their false positive and negative 
responses [15]. Fecal shedding of MAP organisms can 
be intermittent. Contamination and low fecal content 
of microorganisms can reduce culture results by 50% 
[16]. Therefore, although the culture of samples is the 
"gold standard," it cannot be used as a single test to 
accurately detect all infected animals in some herds 
[17]. Molecular methods based on bacterial DNA and 
detection of specific sequences in the genome allow 
hard-to-grow bacteria such as MAP to be detected 
in samples quickly [15]. MAP-infected animals can 
be detected directly through fecal PCR and detec- 
tion of the IS900 or F57 fragment [18]. Comparing 
the results obtained in similar studies show that the 
relationship between different diagnostic tests and 
their combination can improve MAP diagnosis at the 
herd level [15]. Therefore, it seems that the presence 
of specific and sensitive diagnostic tools and a better 
understanding of the prevalence of JD in different 
parts of the world is necessary to develop control and 
eradication programs disease [14]. The present study 
aimed to estimate the amount of MAP contamination 
in cattle farms of the region using three laboratory de- 
tection methods. Comparing the results of these three 
methods can help to choose the best MAP diagnostic 
method to obtain accurate results in epidemiological 
studies and disease control in dairy cattle. 


Results M 


This study tested 348 cow fecal samples for MAP 
contamination using different techniques. According 
to PCR, this disease has a prevalence rate of 33.3% 
(95% CI: 28.2-38.2), a culture prevalence rate of 4.3% 
(95% CI: 2.3-6.3), and a ZN staining prevalence rate of 
6.6% (95% CI: 4-9.2). Three different prevalence rates 
of MAP infection were detected using three other di- 
agnostic methods. The degree of agreement between 
the tests results was measured using the Kappa statis- 
tic. After analyzing the results of these three tests, it 
can be concluded that there is a poor agreement (kap- 
pa statistic: 0.19) between the results of ZN staining 
and PCR, as well as a poor agreement (kappa statistic: 
0.13) between the results of the PCR test and fecal cul- 
ture. First, the appearance of the culture medium was 
investigated by examining colony growth, followed by 
direct microscopic observation to obtain these results. 
Figure 1 shows the positive electrophoresis results of 
PCR products of IS900 and F57 MAP genes in 413- 
bp and 704-bp samples, respectively. Cows were diag- 
nosed positive in 100% of cases of herds 1, 2, 4, 95% 
of cases of herd 11, 68% of cases of herd 7, and 10% of 
the cases of the herd 9. All tests were negative in the 
other 9 herds. 
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Fig 1. 

Confirmation of positive culture results using PCR 
F57 and IS900 (C1: culture positive F57 PCR; C2 
and C3: feces samples positive F57 PCR; C4: positive 
control (F57); M: 100-bp DNA ladder as the molecu- 
lar size marker; C5: positive control (IS900); C6 and 
C7: feces samples positive IS900 PCR; C8: culture 
positive IS900 PCR). 


Table 1 shows the total number of positive animals for each herd in the three tests (based on the number 
of samples per herd). 


Table 1. 
The number and proportion of positive PCR results on the feces and feces culture in 15 herds are based on 
the number of samples taken in each herd (Herd-Level prevalence and total). 


1(41) 15(36.6%) 41(100%) 16(39.02%) 11(26.8%) 11(26.8%) 
2(21) 4(19.05) 21(100%) (0%) 2(9.5%) 2(9.5%) 
3(23) (0%) (0%) (0%) (0%) (0%) 
4(15) 1(6.6%) 15(100%) 2(13.3%) (0%) (0%) 
5(30) (0%) (0%) (0%) (0%) (0%) 
6(22) (0%) (0%) (0%) (0%) (0%) 
7(67) (0%) 17(25.4%) (0%) (0%) (0%) 
8(20) 3(15%) (0%) (0%) 2(10%) 2(10%) 
9(28) (0%) (0%) (0%) (0%) (0%) 
10(17) (0%) (0%) 3(17.6%) (0%) (0%) 
11(20) (0%) 19(95%) 10(50%) (0%) (0%) 
12(17) (0%) (0%) (0%) (0%) (0%) 
13(7) (0%) (0%) (0%) (0%) (0%) 
14(10) (0%) (0%) (0%) (0%) (0%) 
15(10) (0%) (0%) (0%) (0%) (0%) 
Total 348 23 (6.6%) oe A 15(4.3%) 15(4.3%) 


116(33.3%) 
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This study was carried out using random sam- 
pling of cows and the method of direct microscop- 
ic observation, culture and molecular detection to 
understand the contamination status of dairy cattle 
better. A total of 348 samples were tested, and 136 
samples (39.08%) of those tested were positive for 
at least one of the three tests. Based on the results, 
only 23 (6.6%) of 116 (33.3%) cows with positive fecal 
PCR results for one or both genes (IS900, F57) had 
positive ZN staining. Mahmoudi et al. (2018) sam- 
pled 150 fecal samples from apparently healthy dairy 
cows from industrial cattle farms in Hamadan City 
and investigated them for the presence of MAP us- 
ing ZN staining and molecular methods. The posi- 
tive results for ZN staining and Nested PCR method 
were 5.33% and 30.23%, respectively [19]. In another 
study on 200 samples of rectal mucus and serum of 
cows slaughtered in the Ahvaz slaughterhouse, Za- 
rei et al. (2016) investigated the prevalence of MAP 
using three staining methods: ZN, molecular, and 
ELISA. The results showed that the prevalence of 
MAP in PCR, ZN staining, and ELISA was 13.5%, 
4%, and 3%, respectively [20]. The results of the ZN 
staining test in the two above studies are consistent 
with the present research results. MAP can be direct- 
ly observed in samples using (ZN) staining, which is 
based on the resistance of mycobacteria to acid de- 
colorization by acid alcohol after fuchsin staining. 
The results are qualitative. However, this method is 
fast, simple, and inexpensive, with low sensitivity 
and specificity in milk, colostrum, and fecal samples 
[21]. The possibility of false negative results increas- 
es with the observation of clinical symptoms such as 
diarrhea in cattle because the MAP number of the 
samples is low in the lower fecal concentration. Be- 
sides, subclinically infected animals also shed large 
amounts of bacteria in their feces. Due to the pos- 
sibility of obtaining false positive results from other 
environmental mycobacteria, this method has low 
sensitivity and specificity. Herd contamination can 
be estimated and detected using direct microscopic 
observation [22]. Fecal culture, the most accurate 
test for confirming paratuberculosis, is another test 
in this unique study. The results showed that only 15 
(4.3%) out of 348 cultured samples were positive. A 
study was conducted by Seyedeyin et al. (2010) on 
the feces of Holstein-Friesian cows with and without 
clinical symptoms to determine the prevalence of JD 
in Razavi Khorasan. In this study, 16 and 103 fecal 
samples were taken from sick and healthy animals, 
and two different methods analyzed the results. Cul- 
ture results were positive in 11.7% of asymptomatic 
samples and 81.3% of clinical samples [21]. In a study 
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by Sultani (2018) in Kerman, the contamination rate 
was 15.1% in 212 animal fecal samples without clinical 
symptoms [22]. A low positive culture test rate may be 
due to several reasons, including: 

The need for highly selective culture media, chem- 
ical decontamination of the sample (which kills some 
microbes and reduces cell viability), and long culture 
durations are just some of the limitations of using cul- 
ture as a routine diagnostic method [24]. Also, the 
culture depends on the number of bacteria in the sam- 
ple. When there are fewer bacteria in the inoculum, 
culture is more likely to become negative [13]. When 
investigating the culture results, the optimal contami- 
nation rate should be considered. As mentioned, many 
cells are destroyed during disinfection, or fecal shed- 
ding may occur intermittently or rarely. Finally, the 
only method to detect live MAP is the only culture, 
although PCR and bacterial DNA can detect it more 
effectively [15]. Since the sensitivity of MAP bacte- 
rial culture is low and the level of MAP shedding in 
colostrum, milk, and feces in the subclinical phase is 
below the minimum detection limit, negative results 
should be interpreted cautiously. Bacterial culture is 
mainly used to detect live MAP and is considered a 
diagnostic reference [15, 19, 25]. Based on host infec- 
tion response, the fecal PCR test had the highest posi- 
tive results in this study (N=116 cases, 33.3). Of these, 
8.91% and 32.47% occurred in F57 and IS900 genes, 
respectively. IS900 gene was positive in 85 samples, 
both genes were positive in 28 samples, and the F57 
gene was positive in 3 samples. Due to the resistance 
of the mycobacterial cell wall to lysis and high con- 
centrations of inhibitors in fecal content, PCR-based 
MAP detection is limited to small numbers of fecal 
MAP bacilli and has poor DNA recovery [26]. The 14- 
20 copy of the IS900 sequence in the MAP genome is a 
suitable target for MAP detection. On the other hand, 
due to the detection of this sequence in other myco- 
bacteria, its uniqueness for MAP detection has been 
questioned. Since F57 has fewer copies than alterna- 
tive genes such as IS900, it can be specifically used as a 
target gene in PCR to detect MAP in feces, which may 
be sensitive. The IS900 gene is still a good candidate 
for PCR, but caution should be exercised when inter- 
preting the results of a diagnostic test based on IS900 
PCR alone. Based on IS900 analysis of fecal and milk 
samples from several regions, the prevalence of this 
disease is reported as follows: 

In a study by Nasiri et al. (2012) in the suburbs 
of Mashhad, the IS900 gene of MAP using the PCR 
method was detected in 243 fecal samples (44%) and 
56 suspicious raw milk samples (18%) [27]. In another 
study based on the IS900 Nested PCR method, Seyed- 
eyn et al. (2010) reported the prevalence of MAP in 
the fecal samples of clinical and subclinical animals as 
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87.5% and 9.7% in Razavi Khorasan, respectively [21]. 
In addition, Haghkhah et al. (2008) reported that the 
prevalence of MAP in the bulk milk of dairy cows in 
Fars province was 0.11% [28]. The accuracy and sen- 
sitivity of this test are excellent due to the similarity 
and results between the above studies and the present 
study. However, there are advantages and disadvan- 
tages to molecular diagnosis of MAP, including the 
following: 

In situations where bacterial isolation and mass 
culture are impossible due to long incubation peri- 
ods and other culture requirements, useful genetic 
markers F57 and IS900 may be used in vitro [29]. In 
particular, the F57 sequence seems to be a highly dis- 
criminating biological factor that has so far only been 
detected in MAP. Therefore, detecting this specific 
MAP gene sequence provides a new technique for 
finding this organism [30]. As a result, the PCR-based 
detection of MAP F57 in the sample indicates it is in- 
fectious. 

Eight of the fifteen herds sampled had no detect- 
able MAP by any of the methods used in the present 
study. Suppose the infected animals are in the non-in- 
fectious phase and the shedding phase has not yet 
started. In that case, the negative test results in some 
cattle do not necessarily mean that the animals in the 
herd are not infected. Although clinical symptoms in 
any herd are essential as a screening symptom for JD, 
accurate and sensitive tests are needed both to detect 
asymptomatic subclinical animals and monitor the 
health and welfare of the herd. One of the challeng- 
es facing this process is the limited sensitivity of the 
available diagnostic tests to detect the subclinical stag- 
es of MAP infection. 

Based on the results of the present study, direct 
fecal PCR testing yielded better results than other 
tests for rapid MAP diagnosis. Considering the lack 
of appropriate conclusions in ZN staining tests and 
fecal culture results in epidemiological studies, the si- 
multaneous use of PCR tests is necessary for achieving 
accurate and reliable results. Knowledge of the disease 
prevalence in the target population is the first step for 
its diagnosis and prevention. The present study was 
carried out as an epidemiological component of the 
JD in the suburbs of Mashhad. Eliminating cattle dis- 
eases, especially common zoonotic diseases, is one of 
the ideals and necessities of this industry. The studied 
area is one of the country's strategic milk and meat 
production economies. 

Further studies on the epidemiology of MAP in 
herds using advanced laboratory diagnostic tech- 
niques are needed to address this major issue. To 
achieve this important goal, combining the results of 
this study with other results of previous studies can be 
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a great help. Using current common diagnostic meth- 
ods and minimal human error, attempts were made to 
report the exact prevalence rate of the disease in the 
studied region. 


Materials & Methods IT, 


Geographic Location 


This study was conducted on several industrial cattle farms in the 
suburbs of Mashhad. The city of Mashhad is located in northeast Iran 
with a longitude of 59 °and 35' and a latitude of 36 ° and 20. 


Herd selection 


Based on geographical distribution and herd management coopera- 
tion, 15 herds were selected for this study. The number of samples in 
each herd was calculated proportionally to the total sample volume 
and the herd size. 

Size formula: n = P * N, where, P = proportion, N = total sample size 


Sampling 

A total of 348 cows were randomly selected from the study popula- 
tion, and fecal samples were taken from their rectums. Also, the fol- 
lowing formula was used to obtain the required sample size. n=Z2xP- 
exp (1-Pexp)/d2 

Z = standard deviation for the given confidence interval for 95% CI, if 
a = 0.05, Z a=1.96, p = expected proportion = 15% [21, 27, 31] and d 
= Margin of error (accuracy) = 5 

All fecal samples were collected in closed containers and immediately 
sent to the laboratory. All fecal samples taken by the ZN method were 
first stained and examined under a direct microscope. 


Bacteriological culture 


After decontamination, 23 samples that were positive in terms of ZN 
staining were cultured individually in the culture medium. Other fe- 
cal samples (n=325) free of acid bacillus masses were cultured using 
the strategic pooling method. In the laboratory, fecal samples from 8 
to 12 cows per pool were mixed with 2 g of feces from each cow [23, 
32]. All fecal samples were disinfected according to the instructions. 
Three grams of pooled fecal sample was decontaminated with 0.75% 
(W/V) hexadecyl pyridinium chloride solution (0.75% HPC) for 24 
hours, according to standard methods. This suspension was mixed 
manually by shaking and swirling and stood upright for 5 minutes 
at room temperature to allow the settling of large particles. Approxi- 
mately 20 mL of the upper portion of the supernatant was transferred 
to another sterile 50 mL tube, where the entire suspension was stirred 
at 200 units/min for 30 min. The tubes were placed vertically in the 
dark for 24 hours at room temperature. Collected sterile fecal samples 
were centrifuged at 900 x g for 30 min, the supernatant was discarded 
and inoculated onto Herrold's egg yolk agar(HEYM) medium con- 
taining mycobactin J with 300 ul of the sterile pellet. The slants were 
incubated at 37°C for up to 20 weeks and investigated at 1-2 week 
intervals. 


Polymerase Chain Reaction (PCR) 


Genomic tests were performed using PCR detection methods, and 
detection of specific MAP IS900 and F57 markers. Only single fecal 
samples were used for PCR. DNA extraction was performed accord- 
ing to the method proposed by Soolingen et al. [33], and its purity 
was measured between 1.8-2 using a NanoDrop spectrophotometer. 

Primers, IS900f  (5'-GAAGGGTGTTCGGGGCCGTCGCT- 
TAGG-3}), IS900r (5'GGCGTTGAGGTCGATCGCCCACGT- 
GAC-3') and F57f (5'-ACC GAA TGT TGTTGT CAC CG-3)), F57r 
(5'-GGA CAC CGA AGC ACA CTC TC-3’) derived from IS900 and 
F57 sequences inserted in the DNA of MAP leads to the production 
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Sequence and product length of MAP primers used in the study 


1S900f 5'-GAAGGGTGTTCGGGGCCGTCGCTTAGG-3' 413 127, 34] 

1S900r 5'-GGCGTTGAGGTCGATCGCCCACGTGAC-3' : 

F57f 5'-ACC GAA TGT TGTTGT CAC CG-3' 704 [29, 35] 

F57r 5'-GGA CAC CGA AGC ACA CTC TC-3' i 
Table 3. 


Reaction conditions used in the study 


IS900 95°C for 5 min; 40 cycles of 94°C for 30 sec, 60°C for 30 sec, 72°C for 1 min; and 72°C for 5 min 


F57 95°C for 5 min; 40 cycles of 95°C for 30 sec, 61°C for 30 sec, 72°C for 45 sec; and 72°C for 10 min 


of 413bp and 704bp, respectively. The sequence of IS900 and F57 
primers, as well as the size of their predicted PCR products, are sum- 
marized in Table 2. PCR was performed in a final volume of 20 ul for 
IS900. It contained a 5 ul sample of DNA mixed with 15 ul of master 
mix (AMPLIQON or SINACLON). Tubes were placed in a thermo- 
cycler (BIO-RAD; MJ Mini Gradient Thermal Cycler, USA), and the 
amplification was as follows: 

One cycle of denaturation at 95°C for 5 min followed by 40 cycles of 
denaturation at 94°C for 30 s, annealing at 60°C for 30 s, extension 
at 72°C for 1 min, and final extension at 72 °C for 5 min. Secondary 
PCR was performed in a final volume of 12 uL for F57. It contained a 
3 ul DNA sample and a 9 ul master mix. Tubes were then placed in a 
thermocycler, and amplification was as follows: 

One cycle of denaturation at 95°C for 5 min followed by 40 cycles of 
denaturation at 95°C for 30 s, annealing at 61°C for 30 s, extension 
at 72°C for 45 s and final extension at 72 °C for 10 min. The PCR 
conditions are summarized in Table 3. 


Statistical analysis 


Data were coded and entered into statistical software for each sam- 
pling from each cattle. All statistical analyzes were performed using 
SPSS ver. 22. Agreement between test combination (ZN staining- 
PCR tests and PCR tests - culture) were compared by kappa index 
test [36] (<0.2, poor; 0.21-0.40, fair; 0.41-0.60,moderate; 0.61-0.80, 
good agreement; and >0.80, very good agreement). 
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